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Designed to
test solar neutrino
oscillation parameters

on Earth (1)

KamLAND has a much
longer baseline
than previous

(reactor) experinens
difficult experiment
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Only a few places in the World could host

veriment like KamLAND...
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Site Distance| # of flux Signal
Japan (km) | cores & em=2s71) | (Viyr)
Kashiwazaki | 160.0 7 4.25x10° | 348.1
Ohi 179.5 4 1.88X10° | 154.0
Takahama 190.6 4 1.24x10° | 101.8
Hamaoka 214.0 4 1.03x10° 84.1
Tsuruga 138.6 2 1.03x105 84.7
Shiga 80.6 1 1.08x10° 88.8
Mihama 145.4 3 1.03x105 | 84.5
Fukushima-1 | 344.0 6 53x10* | 435
Fukushima-2 | 344.0 4 4.9x104 40.3
Tokai-lI 294.6 1 1.7x10* | 13.7
Shimane 414.0 2 9.9x103 8.1
Onagawa 4302 | 2 9.8x10° 8.1
Ikata 561.2 3 8.4x10° 6.9
Genkai 755.4 4 5.3x103 4.3
Sendai 824.1 2 3.5x10° 2.8
Tomari 783.5 2 2.4x10°3 2.0
Korea

Ulchin 750 | 4 8.8x10° | 7.2
Wolsong ~690 4 7.5x10° 5.2
Yonggwang ~940 6 8.4x10 6.9
Kori ~700 4 8.0x10° 6.6
Total 69 1.34x10%|1102
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Total expected signal
from reactors:
%2 ev/day

S/N ratio = 20
@ 10-14 U, Th, 4K
contamination in
the scintillator



Neutrino Flux at KamLAND
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The total electric power produced “as a
by-product” of the _s is:

~60 GW or...
~4% of the world's manmade power or...

*~20% of the world’'s nuclear power
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The ability to
measure the
solar LMA-MSW
solution accurately
“in the lab”
puts KamLAND
in a very special
category of
experiments
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99% C.L.

approximate
LMAS region
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Other initial physics topics include:

*Geological neutrinos
Supernovae detection
-Solar anti-neutrinos
Exotic nucleon decay modes
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KamLAND: neutrino physics on a shinkansen

‘Summer 2000
‘Winter 2000-01
‘Feb 2001
*Mar-Apr 2001
*Apr-May 2001
‘Jun-Sept 2001
‘Aug-Sept 2001
Sept 2001

‘end Seg‘l' 2001

Oct 11, 200

Jan 22. 2002

PMT installation

Veto counter installation
Balloon insertion

Balloon inflation and test
Plumbing for fill

Fill MO and LS

Eng. runs with Macro Elec.
FEE/DAQ/Trigger int. (LBL)
First data taking with FEE

KamLAND Status

Beain Data Takina



Time: Red soon, Blue late Charge: Red aloft,
Blue little
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| Raw Waveform Blue, Pedestal Corrected Waveform Red |

140

Have full waveform

digitizers on every

central and veto
channel

120

80
60
40

20

Very important for

100 |-

exploring new physics

0

and reject complex

[ Raw Waveform Blue, Pedestal Corrected Waveform Red |

background signatures

120

100

Signals from blue LED

flashers in the detector

40

20 |
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KamLAMD Ewvent Display
Fun<Subrun/Event § 110-0,1907
UT: Sat Feb 23 15:16:54 2002
TimeStamp : 3416793063
TriggerType ¢ 0x7210 ~ 0Ox2

Time Difference 10,1 m=sec

MumHi t~Msum~HzumZ2- HumHitRA : 1315199 132777

Total Charge : 9,02e+05 (1,17e+03)
Max Charge (chii 3,5d4e+03 (2100

b

111%.5 1465

1810,4 2155,8 2501,3 2846.7

through_going
muon

color is
pulseheight

all tubes
illuminated




KamLAND Ewvent Display
Fun<Subrun/Event : 110-0-19244
UT: Sat Feb 23 15:25:11 2002
TimeStamp : 130529245365
TriggerType : O0x3alld / OxZ2
Time Difference 28,3 msec
HumHit-Msum-MzumZ2-HumHithA
3.21e+05 {455}
2,22e+03 (5407

Total Charge
Max Charge {chi:

E6D.9  BEY.Y

1317/264-1322-456

1109,5 1331,3 1553,2 1775




KamLAMD Ewvent Display
FunsSubrunsEvent 3 110-0-91185
UT: Sat Feb 23 15:57:00 2002
TimeStamp & B3000002993
TriggerType : QxbO0 / 0xZ
Time Difference 925 nzec
HumHitsMsumHzumZ-HumHitA 3 58546610710
Total Charge @ 4,12e+03 0}
Mawx Charge {chi: 28,7 (210}

o @

»



KamLAMD Ewvent Display

FunsSubrunsEvent : 110.0-3772

UT: Sat Feb 23 15:17:050 2002

TimeStamp : 4363651930

TriggerType 3 OxI210 / 0Ox2

Time Difference 4,13 msec
HumHitsMsumHzumZ-HumHitA 3 468177427 45
Total Charge ¢ 3.05e+03 4713

Max Charge {chi: 882 {di

Corner-clipper
muon:

Cherenkov
ring in the

buffer but
no scintillation
activity




Muon track reconstruction reveals the balloon boundary and
the different light yield in scintillator and buffer oil
(cherenkov)

scmtlllatnr .. | buffer olil

preliminary

I |IIII| II|II |IIII|IIIl'_II |IIII I

log10(ID Total Charge)
W = N oy =

0 100 200 300 400 500 600 700 800 900
distance from the center to muon-track [cml
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Zn65 At Center Of Detector

4000—

3500—

3000[—

2500

2000[—

1500—

1000—

500[—

0 ] ] ] | | ] | ] | | | ] I ] ] ] | ] I L ]
200 220 240 260 280 300
Number of PMTs with signals
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65Zn .
1.115 MeV in
the detector

[fE=65%

Light Yield
241 p.e./MeV

17



Co60 At Center Of Detector|

3000 60Co :
i 1.173+1.333 MeV in
2500
I the detector
2000
i _[E = 4.2%
1500/
1000~ Light Yield
i 239 p.e./MeV
500
0_ ! |
400 450 500 550 600

Number of PMTs with signals
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60Co: z = -394.1 m

° ° ° o 1600 Mean = -396 111
Position Calibration racofE-RMs =203 [ Pretmiany
12000
A0 ey
800
L]
SO0y
60 =0 _
. —-60Co (2.505 MeV) preliminary ) e O
\g/ 40 + —8-657n (1.116 MeV) ; ) z (m)
- I
Ecs 20 T
Ea —
= 20 | n r
40 “ 7
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Actual Z-Position (cm) 19



Now find cosmic ray muons traversing the detector
and look for energy deposits following them

i I Using E cal.
300 from previous
o0 slide the peak
2001 is here at

i % 2.3 MeV

150—

100— .
n-capture in

hydrogen gives
B I S ST 2.2 MeV

10
Energy (Mev)

50—
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Prompt - delayed correlation time distributed
as an exponential with 210+8 _s

Expectation for neutron capture is ~223 _s
Neutrons Following Muons (300 < nsum < 600)

10° - Chi2 / ndf = 113.7 / 86
- p0  =628.1+40.11
- pl  =0.0002096 + 7.616e-08
i p2  =3.846+ 0.2304
10 =
- el fleo ool o 4
_ HUWUUUULW H m_luu H I JIH
16
[ I | I | I | I | I | I |
0 0.001 0.002 0.003 0.004  0.005 0.006

Time since last muon (seconds)
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Anti-Neutrino Candidate

KamLAMD Ewvent Display

Run/SubrunsEvent @ 207/0-5160074

UT: Tue Jan 1 07:40:01 2002

TimeStamp ; 1027875301650

TriggerTupe 1 Oxaldd ~ Ox2

Time Difference 18.7 msec

HumHi t-Nsum/Neum2/HumHitA : 596-318-567/0
Total Charge : 1,2e+03 (0}

Max Charge (chi: 11 <403}

. . -

594 604 6ld 624 634 644 654 Ged 674

Prompt Signal
E = 3.20 MeV

Oct 11, 2002

KamLAMD Ewent Display
Run/Subrun/Event : 207/0-5160075
UT: Tue Jan 1 07:40:01 2002

(CO]OI' iS time) TimeStamp : 1027875306078

TriggerTupe ¢ Oxb00 / 0x2
Time Difference 111 micro sec
HumHitsMzumsHsum2/HumHitA : 476-299-451-0
Total Charge : 872 {0}

Max Charge {(chr; 7,58 (396}

J.Iﬁ.a.l.l i I

584 594 604 614 w24 634 644 654 6ed

Delayed Signal
E = 2.22 MeV

At = 111 ps
AR = 34 cm

KamLAND Status




activity[%/day]
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KamLAND anti-neutrino live-time
since the beginning of physics runs

Mar Apr May Jun Jul Aug

KamLAND Status

150 days
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Singles Background

Trigger Nsum Spectrum

s Source:Measured:Predicted

E 10
149
& H7CY  2upp; 102Hz:--
E 10 H
E 10 O High Energy
F : 85Kr: 606 Hz:-- (e.g. ):
S 19 0.33Hz:0,33Hz
& 4 40K:1.9Hz:2.1Hz
< 208T]; 3.2Hz:1.4Hz
22 [

232Th, cosmogenic: 0.19Hz

200 400 600 800 1000 1200 1400
Number of KamLAND Phototubes Hit
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Scintillator contamination by mass

Measured from data:

*Th: using the 212Bi-?12Po 300 ns correlation
_ <1.8*10-16 g/g

‘U: studying the high energy background

_ <6.4*10-16 g/q

-40K: fitting background spectra

_ <2.3*10-16 g/g

Consistent with Neutron Activation Analysis:

+ Th < 2.8*10-15 g/g
« & 11<08*10-15 g/g KamLAND Status
c 40K ¢ 1 I*10-15 A/A (rorard NIAA concitivitv)



Signal - Background

Flux*CrossSection*LiveTime*Volume*ProtonDensity*CutAcceptance

We are in the final stages of evaluating our numbers for all of
these quantities and their systematic errors.

vy
\?
osc'\\\o’ﬁ\o l \\LMd’\‘
10-2 - ¢ i 0 1072— =T (\_IP ‘\ T T T T T

: OO} _____ 3 welll PUbllSh the ._ HOOF* L
10°] ISR - . 10-.1? ---------------- 4
real exclusion plot : E z
o AN with our numbers.. i o ST
= & =
ol 10 _ 90 ? |
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= /data:

FamLAND Event Display
Funs/Subruns/Event : 254014950
UT: Wed Mar 13 06:09:d47 2002

20“ PMT TimeStamp : 5163557041
TriggerType @ OxFall ~ 0OxZ2
Y Time Difference 2,67 mzec
1'251' Mar. 02 HumHit-HzumsMsumZsMHumHith ;3 1473-460-°1472-76

Total Chargze @ 9,69 =+05 (G342
Max Charge (chi: de+03 (10422

resolution

(and data
load /)
will improve
by ~/2

Oct 11, 2002 s
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Data is coming in smoothly...

stay tuned for many years
of exciting results...

Oct 11, 2002 KamLAND Status

28



